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Abstract: En muchos países industrializados, la presión sobre el gasto público ha forzado a los 
gobiernos a controlar y promover la eficiencia y la productividad en la localización y gestión de 
los recursos públicos. Esta preocupación ha obligado a los gobiernos a asumir la 
responsabilidad de evaluar a las instituciones financiadas con fondos públicos y a desarrollar 
sistemas y programas de evaluación que podrían ser beneficiosos para el diseño de nuevas 
políticas. El sector de la educación superior no es una excepción. Numerosos estudios han 
estudiado la productividad de las universidades españolas. Sin embargo, dado el carácter 
multidimensional, tanto en lo que se refiere a la producción como a los resultados de las 
actividades que en su seno se desarrollan (docencia, investigación y transferencia de 
conocimiento), el análisis de la productividad de las universidades es una tarea compleja. A 
pesar de las dificultades, el interés por los procesos de evaluación de las universidades ha 
aumentado. Esta tendencia es visible en España donde, en los últimos años, se han producido 
diversas reformas que tratan de mejorar la calidad y la eficiencia del sistema. En este sentido, en 
el presente trabajo se realiza una evaluación de los cambios de productividad producidos en las 
universidades públicas españolas durante los años 1994 a 2010 en base a sus misiones. Para 
ello, aplicamos el método no paramétrico Malmquist por ser una metodología que no requiere 
especificación de los costes de producción ni la asunción de funciones de producción. Los 
resultados de este trabajo pueden ayudar al desarrollo de políticas futuras en el sector de la 
educación superior pública ya que, desde un punto de vista político, los cambios en el 
crecimiento de la productividad debidos a la ineficiencia implican políticas diferentes a si dicho 
crecimiento se debe a un cambio técnico. 
Keywords: Higher Education; University; Productivity 
Acknowledgements: This paper was supported by research project ref. ECO2008-02553/ECON, ‘The 
University Missions and their Complementarity: New Methods of Evaluating Efficiency’, funded by the 
National R&D Program of the Spanish Ministry of Science and Innovation. The views expressed in this 
paper are not necessarily the views of this organization. 
2 
 
1 Introduction 
In most industrialized countries, demands for accountability and transparency have increased. 
The pressure on public budgets has led governments to control and pursue efficiencies and 
productivity in the allocation and management of public sector resources (Bonaccorsi and 
Daraio 2005). This public concern has forced government to take on responsibility for 
evaluation and control of publicly funded institutions, and they have started to develop 
evaluation systems and programmes that are proving beneficial for the design of policy to 
improve the effectiveness of funding. 
Productivity in higher education has an obvious multidimensional character as it relates to 
both the production and dissemination of knowledge, through its various activities of teaching, 
research, and outreach (Dundar and Lewis 1998). In this sense, measuring productivity in the 
higher education context is complicated. Changes in productivity growth can be calculated 
using the Malmquist productivity change index, which is a particularly attractive methodology 
(Johnes 2005). It does not require knowledge on input or output prices, nor does it require 
specific behavioural assumptions about the institutions under consideration, such as cost 
minimization or profit or revenue maximization (Coelli and Perelman 1999; O'Donnell and 
Coelli 2003; Uri 2003a, 2003b; Rodríguez-Álvarez et al. 2004).  
In the absence of specific agreed measurements to evaluate HEI (García-Aracil 2007; 
Flegg and Allen 2007; Fundación CyD 2008), in this paper we apply the Malmquist non-
parametric approach to analyse productivity changes in Spanish public universities from 1994 to 
2010. We consider a three-input, three-output, general model. Our inputs are total expenditure, 
and numbers of academic and non-academic staff (a proxy for teaching, research and knowledge 
transfer); as outputs we use number of graduates (a proxy for education), publications (a proxy 
for research) and applied research resources (a proxy for knowledge transfer). We are aware that 
this choice is critical with respect to both the validity and the reliability of the derived results. 
Moreover, the choice not to use qualitative indicators, or to consider applied research resources 
for knowledge transfer as an output rather than an input is questionable (Johnes and Johnes 
1995): the challenge for future research should to address these shortcomings. 
The paper is organized as follows. Section 2 presents the descriptive data used in the 
analysis. Section 3 briefly describes the Malmquist methodology. Section 4 explains the results 
of the productivity analysis, and Section 5 offers some concluding remarks. 
2 Descriptive data 
The data used in the present study were collected during 2008 in the project ‘The University 
Missions and Their Complementarity. New Methods of Evaluating Efficiency’ (MUCMET), 
which is supported by the National R&D Programme (2008-2010) of the Spanish Ministry of 
Science and Innovation. 
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Data for the academic years 1994/95 to 2008/09 for public universities in Spain were 
collected from various government and institutional sources. In 2008, there were 48 public 
institutions; this study considers 43 of them. Five universities, (Pablo Olavide University, 
Technical University of Cartagena, University Miguel Hernandez and University Rey Juan 
Carlos), which were recently created, are excluded because of lack of data for some of the years 
in the period under study and due to their different structures as National Open Universities 
(UNED). 
The MUCMET data set includes information for each of the 43 public institutions, based 
on the accounting system and a broad classification of appropriations and expenditures; human 
resources data providing information about academic and non-academic staff; enrolment data 
for undergraduate and graduate programmes; institutional information on physical resources, 
and publications data, among others.  
We identify variables related to inputs and outputs of interest for this study: total 
expenses (expressed in thousands of euros), academic and non-academic staff, graduates, 
publications (data from the Web of Science) and data on applied research (expressed in 
thousands of euros), which refer to the income from private contracts under article 83 of the 
LOU (CRUE 1996, 1998, 2000, 2002, 2004, 2006, 2008, 2010; Web of Science 2010). 
Table 1 presents a summary of descriptive statistics for inputs and outputs across the 43 
universities by year. Sample mean, standard deviations, maximum and minimum are reported. 
As can be seen, in 2008, on average expenditure was €216.60 million and academic staff 
numbered 2,153 and non-academic staff 1,122 (a ratio of one technical/administrative staff to 
two academic staff). Also, on average, Spanish universities had 3,550 graduates and produced 
764 publications. Highlighting changes over the sample period, last row in Table 1 (annual 
accumulated variation rate) shows that average expenditure increased by 7.37 per cent (from 
€74,510,160 in 1994 to €216,604,250 in 2008), academic staff numbers increased by 2.28 per 
cent (from 1,535 to 2,153), non-academic staff increased by 2.78 per cent (from 743 to 1,122), 
number of graduates increased by 0.89 per cent (from 3,107 to 3,550), number of publications 
increased by 7.33 per cent (from 264 in 1994 to 661 in 2008) and applied research was the 
output with the highest increase of 12.60 per cent. Thus, it can be seen that increases in outputs 
were more or less matched by an increase in inputs. 
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Table 1. Descriptive statistics for inputs and outputs across the 43 universities by year. 
Year Statistics 
Expenses 
(‘000€) 
Academic 
Staff 
(number) 
Non-acad. 
Staff 
(number) 
Graduates 
(number) 
Publications 
(number) 
Applied 
Research 
(‘000€) 
1994 
Mean 74,510.16 1,535.09 743.04 3,107.44 264.23 2,025.72
Std deviation 54,465.84 1,095.32 579.81 3,215.15 293.78 3,064.09
Minimum 11,709.90 285.00 135.19 459.00 6.00 37.71
Maximum 253,391.81 5,491.00 2,899.96 18,534.00 1,360.00 17,979.25
1995 
Mean 81,355.50 1,784.12 771.49 3,441.49 308.58 2,268.02
Std deviation 59,106.74 1,344.59 588.12 3,583.68 345.32 2,736.36
Minimum 11,209.80 367.00 136.00 573.00 16.00 105.54
Maximum 272,206.94 7,352.00 2,984.00 21,367.00 1,613.00 14,697.61
1996 
Mean 90,235.70 1,846.44 797.53 3,782.40 339.86 2,551.95
Std deviation 62,382.88 1,293.54 596.60 3,692.18 369.69 3,628.83
Minimum 16,599.15 385.00 183.00 765.00 15.00 141.24
Maximum 291,022.07 6,727.00 3,017.00 22,050.00 1,741.00 2,004.18
1997 
Mean 96,810.97 1,902.23 841.07 4,090.30 360.91 2,757.28
Std deviation 64,654.90 1,310.39 630.01 3,746.72 379.20 3,147.75
Minimum 20,476.40 411.00 198.00 846.00 32.00 177.53
Maximum 306,509.18 7,112.00 3,203.00 21,902.00 1,945.00 15,887.11
1998 
Mean 103,386.25 1,805.98 838.86 4,216.02 396.14 3,356.72
Std deviation 67,599.21 1,182.53 605.00 3,470.14 400.48 3,277.32
Minimum 24,353.65 362.00 201.00 856.00 43.00 213.81
Maximum 321,996.28 6,019.00 3,282.00 20,559.00 1,941.00 11,727.04
1999 
Mean 110,492.92 1,869.56 883.98 4,271.81 411.33 3,772.74
Std deviation 69,337.64 1,205.73 623.27 3,371.48 392.31 3,687.68
Minimum 27,588.71 379.00 205.00 996.00 55.00 250.99
Maximum 336,367.16 6,019.00 3,303.00 19,240.00 1,956.00 12,661.42
2000 
Mean 117,599.60 1,944.40 927.40 4,218.67 420.26 4,286.5425
Std deviation 71,521.43 1,206.75 652.86 3,160.19 401.08 4,662.62
Minimum 30,823.78 379.00 202.00 832.00 41.00 286.39
Maximum 350,738.05 6,035.00 3,504.00 16,870.00 2,021.00 18,807.24
2001 
Mean 127,299.56 1,902.35 969.35 4,206.53 446.81 4,606.42
Std deviation 77,538.01 1,197.24 664.40 3,037.45 407.22 4,512.83
Minimum 30,982.22 415.00 140.00 977.00 64.00 231.71
Maximum 385,103.19 6,021.00 3,509.00 16,095.00 2,118.00 18,070.42
2002 
Mean 136,999.52 1,898.37 959.19 4,538.00 462.49 4,958.17
Std deviation 83,797.43 1,181.64 651.24 3,209.23 400.94 5,309.89
Minimum 31,140.67 419.00 217.00 1,083.00 77.00 402.39
Maximum 419,468.33 6,021.00 3,509.00 15,770.00 2,150.00 23,945.41
2003 
Mean 155,435.90 1,952.12 908.28 4,178.40 525.70 6,038.64
Std deviation 96,902.28 1,176.60 646.04 3,172.51 432.86 6,738.98
Minimum 31,895.49 447.00 235.00 630.00 41.00 379.21
5 
 
Maximum 454,347.56 5,961.00 3,540.00 13,826.00 2,250.00 35,480.80
2004 
Mean 173,872.26 1,988.86 1,016.42 3,870.86 530.23 7,119.12
Std deviation 113,936.50 1,184.84 677.52 2,610.55 433.39 8,513.64
Minimum 32,650.32 477.00 236.00 267.00 77.00 356.03
Maximum 489,370.91 5,896.00 3,563.00 13,921.00 2,238.00 47,016.20
2005 
Mean 174,215.15 2,029.74 1,032.26 3,769.30 628.74 8,174.35
Std deviation 110,604.18 1,215.87 690.79 2,351.11 531.97 10,079.22
Minimum 35,173.65 462.00 240.00 1,014.00 104.00 373.88
Maximum 523,311.01 6,047.00 3,706.00 12,226.00 2,736.00 56,287.43
2006 
Mean 176,931.80 2,070.07 1,047.65 3,627.51 665.98 9,727.56
Std deviation 113,597.10 1,248.93 705.94 2,289.73 544.35 12,313.60
Minimum 37,892.00 446.00 244.00 1,048.00 99.00 392.62
Maximum 559,769.86 6,197.00 3,848.00 11,841.00 2,784.00 65,558.66
2007 
Mean 196,768.03 2,123.79 1,108.74 3,751.21 717.60 9,954.63
Std deviation 123,073.76 1,265.79 745.66 2,341.14 617.21 10,977.27
Minimum 41,372.32 467.00 280.00 930.00 112.00 654.20
Maximum 592,204.41 6,410.00 4,098.00 12,226 2,900.00 53,374.89
2008 
Mean 216,604.25 2,152.69 1,121.95 3,550.51 763.98.00 12,018.75
Std deviation 133,046.75 1,295.60 767.47 2,164.49 660.64 16,228.12
Minimum 44,852.64 459.00 252.00 1,035.00 101.00 638.75
Maximum 624,638.95 6,249.00 4,136.00 11,421.00 3,240.00 90,273.53
94-08 Annual variation rate 7.37% 2.28% 2.78% 0.89% 7.33% 12.60%
 
3 Methodology 
In this study, we initially assume CRS and calculate total productivity change, decomposed into 
technological (or technical) change and technical efficiency change, which includes ‘pure’ 
efficiency change and scale efficiency change. 
When applying the Malmquist methodology to study productivity, it is necessary also to 
construct a nonparametric envelopment frontier over the data points, such that all observed 
points lie on or below the production frontier. There are two analytic options: input orientation, 
which reduces inputs without dropping output levels, and output orientation, which raises 
outputs without increasing inputs. In terms of education, universities are given a fixed quantity 
of resources (e.g., state financial resources, academic and non-academic loads) and asked to 
produce as much output as possible. Thus, we assume an output orientation. The output-based 
Malmquist productivity change index (M) specified by Färe et al. (1994) can be formulated as: 
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where the subscript O indicates an output-orientation, M is the productivity of the most recent 
production point (xt+1, y t+1) (using period t + 1 technology) relative to the earlier production 
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point (xt, yt) (using period t technology), D0 is the output distance function which is the 
reciprocal of Farrell’s (1957) technical efficiency measures. The output distance function is 
defined on the output set P(x), as: 
Do(x,y):min {: (y/) P(x)} 
where  is the corresponding level of efficiency. The output distance function seeks the largest 
proportional increase in the observed output vector y provided that the expanded vector (y/) is 
still an element of the original output set (Grosskopf et al. 1995). If the university is fully 
efficient such that it is at the frontier, Do(x,y)=  =1, whereas Do(x,y)=  <1 indicates that the 
institution is inefficient. 
An equivalent way of writing the Malmquist index is: 
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or M=E*P where M is the product of a relative efficiency change E under CRS, which measures 
the degree of catching up to the best-practice frontier level for each observation between time 
period t and time period t + 1 (term outside the square bracket) and a measure of technical 
progress P (the two ratios in the square bracket) as measured by shifts in the frontier of 
technology (or innovation) measured at period t + 1 and period t (averaged geometrically). We 
can obtain measures of overall technical efficiency (E) and ‘pure’ technical efficiency (PT) by 
applying the same CRS assumption (without convexity constraint) and VRS (with convexity 
constraints). Dividing overall technical efficiency (E) by ‘pure’ technical efficiency change (PT) 
yields a measure of scale efficiency change (S). 
Recalling that M indicates the degree of productivity change, if M>1 then productivity 
gains occur, whilst if M<1, productivity losses occur. Regarding changes in efficiency, 
technical efficiency increases (decreases) if, and only if, E is greater (less) than 1. An 
interpretation of the technological change index is that technical progress (regress) has occurred 
if P is greater (less) than 1. 
4 Results 
To evaluate Spanish public universities, first, we analyse a ‘general model’ taking as inputs total 
expenses, and numbers of academic and non-academic staff, and as outputs graduates, 
publications and applied research. Then, in order to understand the sources of the productivity 
changes three additional specifications of university productivity are examined. The first 
focuses on ‘teaching-only’ productivity, the second on ‘research-only’ productivity and the third 
on ‘industry-only’ productivity. Variables definitions in both instances are identical to the 
‘general model’, but the ‘teaching-only’ specification does not include the outputs publications 
and applied research, the ‘research-only’ specification excludes the outputs graduates and 
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applied research and the ‘industry-only’ specification does not include graduates and 
publications. Ideally, the remaining variables should be split along research-related and 
teaching-related, but this was not possible. 
The Malmquist index and its decompositions for each of the four models are presented in 
Table 2 by year and by university. Three primary issues are addressed in the computation of the 
Malmquist indexes of productivity growth over the sample period. The first is the measurement 
of productivity change over the period (see column M in Table 2). The second is to decompose 
changes in productivity into what are generally referred to as a ‘catching-up’ effect (technical 
efficiency change) (see column E in Table 2) and a ‘frontier shift’ effect (technological change) 
(see column P in Table 2). The third is to further decompose the ‘catching-up’ effect to identify 
the main source of improvement, either through enhancements in ‘pure’ technical efficiency 
(see column PT in Table 2) or increases in scale efficiency (see column S in Table 2). Note that 
that these indexes (and any resulting percentage changes) are relative, that is, a university may 
be more or less efficient, or more or less productive, but only in reference to the other 42 
universities.  
Table 2 shows that the general-model shows an annual mean decrease in total factor 
productivity (M) of 0.2 per cent for the period 1994 to 2008 across the university sector. Given 
that productivity change is the sum of technical efficiency and technological change, the major 
cause of productivity improvements can be ascertained by comparing the values for efficiency 
change and technological change. That is, the productivity gains described could be the result of 
efficiency gains, or technological improvements, or both. In our case, the overall improvement 
in productivity over the period includes an average efficiency increase (movement towards the 
frontier) of 1.8 per cent, and an average technological backward (downward shift in the frontier) 
of -2.0 per cent annually. Technical efficiency can be further decomposed into ‘pure’ technical 
efficiency (1.3%) and scale efficiency (0.5%). Clearly, across all Spanish public universities the 
slight decrease in productivity over the period 1994-2008 is the result of the lack of the 
expansion in the frontier relating inputs and outputs. One suggestion is that in relative terms, the 
university sector is relatively efficient and that technological improvements are not well 
distributed across the sector. 
It is interesting to note that substantial improvements occurred in the period 1994/1995 to 
1997/1998 when the Spanish HE system was experiencing rapid growth (inputs and outputs 
increased in almost comparable proportions). However, it appears that since the maximum HE 
enrolments achieved in 1999, some problems arose in the HE system. By 1999, national 
government policy of reducing the weight of student formula-funding and increasing the 
performance of formula-funding was likely exerting pressure on universities to improve 
efficiency (a couple of years before the new university law was implemented – LOU 2001). 
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Table 2. Malmquist index by year and by Spanish public universities 
 General Model  Teaching Model  Research Model  Industry Model  
Year/index E P PT S M E P PT S M E P PT S M E P PT S M 
94-95 7.5 -4.5 6.2 1.2 2.7 4.2 -0.9 4.8 -0.6 3.3 7.3 5.1 9.3 -1.8 12.8 85.6 -28.7 88.7 -1.6 32.4 
95-96 0.8 3.0 1.9 -1.1 3.8 0.7 5.1 2.5 -1.7 5.8 2.1 5.1 5.7 -3.3 7.4 9.4 -9.7 -2.9 12.7 -1.3 
96-97 7.3 -1.1 6.1 1.2 6.2 12.8 -4.1 7.2 5.2 8.1 18.9 -9.2 13.7 4.6 8.0 34.7 -12.2 38.9 -3.0 18.3 
97-98 -1.3 7.8 -4.2 3.0 6.4 -2.8 8.8 -5.8 3.2 5.7 -1.1 14.9 -1.1 0.0 13.6 -6.3 29.5 3.3 -9.3 21.4 
98-99 3.5 -5.9 3.2 0.2 -2.6 2.8 -6.6 2.7 0.1 -4.0 9.0 -4.4 7.4 1.6 4.3 -6.8 15.5 -5.6 -1.3 7.6 
99-00 -2.9 -1.4 -1.6 -1.4 -4.3 0.6 -6.8 2.0 -1.3 -6.2 -1.9 -0.7 -4.5 2.7 -2.6 -10.1 13.4 -16.6 7.8 2.0 
00-01 9.3 -9.7 5.1 3.9 -1.3 5.8 -7.8 3.4 2.3 -2.4 14.9 -7.4 6.4 8.0 6.4 61.8 -28.6 50.7 7.4 15.6 
01-02 -12.6 19.6 -7.7 -5.3 4.5 -21.7 33.8 -15.2 -7.7 4.7 1.1 1.4 4.2 -3.0 2.5 -18.8 18.6 -17.8 -1.2 -3.7 
02-03 -8.7 10.1 -3.8 -5.1 0.5 -12.5 5.8 -6.2 -6.6 -7.4 11.9 -4.2 10.6 1.1 7.2 -13.4 33.9 -10.6 -3.1 16.0 
03-04 26.4 -25.6 15.1 9.8 -6.0 42.7 -37.5 27.6 11.8 -10.8 6.6 -9.8 7.2 -0.5 -3.8 -12.1 23.5 -6.5 -5.9 8.6 
04-05 -5.2 3.2 -4.7 -0.6 -2.1 -3.0 -3.6 -3.1 0.1 -6.5 -4.4 16.9 -7.0 2.9 11.8 -1.8 16 -2.9 1.2 14.0 
05-06 7.1 -7.1 4.6 2.4 -0.5 10.6 -14.3 7.9 2.6 -5.2 3.6 1.5 0.5 3.1 5.2 2.3 11.9 1.3 1.0 14.5 
06-07 -1.1 -1.9 0.8 -1.9 -2.9 -3.9 1.6 -1.3 -2.7 -2.4 -35.8 56.9 -24.3 -15.2 0.7 12.0 -9.3 11.7 0.2 1.6 
07-08 0.7 -6.7 -1.0 1.7 -6.1 2.0 -10.5 -0.2 2.2 -8.7 51.9 -32.6 36.8 11.1 2.4 -23.6 37.7 -22.5 -1.4 5.2 
All years 1.8 -2.0 1.3 0.5 -0.2 1.9 -3.8 1.5 0.4 -2.0 4.5 0.8 3.8 0.6 5.3 4.5 5.7 4.4 0.1 10.5 
University index General Model 
R 
Teaching Model 
R 
Research Model 
R 
Industry Model 
R 
summary E P PT S M E P PT S M E P PT S M E P PT S M 
1 4.1 -4.1 1.9 2.2 -0.2 23 4.0 -5.2 2.2 1.7 -1.5 18 6.5 -1.9 4.8 1.6 4.5 23 18.0 3.6 17.5 0.4 22.3 5 
2 2.6 -5.4 2.1 0.5 -3.0 34 2.8 -5.9 2.3 0.5 -3.2 31 2.5 -1.6 3.1 -0.5 0.9 36 4.7 4.2 5.8 -1.1 9.1 23 
3 1.9 -0.7 1.3 0.6 1.2 12 2.6 -2.6 2.2 0.4 -0.1 10 1.5 2.0 2.0 -0.5 3.5 26 20.4 6.9 22.3 -1.6 28.7 2 
4 1.0 -2.9 1.5 -0.5 -1.9 31 1.7 -4.4 2.2 -0.5 -2.7 25 2.4 -0.4 1.1 1.3 2.0 30 4.6 5.9 2.4 2.2 10.8 19 
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5 3.5 -2.7 1.6 1.9 0.7 17 3.3 -3.5 1.4 1.9 -0.3 13 17.1 2.5 16.3 0.7 20.0 2 15.5 6.2 17.0 -1.3 22.7 4 
6 4.8 -4.6 2.7 2.1 0.0 19 5.2 -5.0 3.0 2.2 -0.1 11 12.4 -1.3 11.3 1.0 10.9 6 2.2 5.0 2.8 -0.6 7.3 30 
7 1.5 -2.0 1.0 0.5 -0.5 24 1.2 -4.0 0.9 0.3 -2.9 27 0.7 -0.1 0.4 0.3 0.6 37 2.5 5.1 2.2 0.2 7.7 28 
8 3.1 -4.7 4.2 -1.0 -1.7 29 2.8 -5.8 4.2 -1.4 -3.3 34 2.4 -1.9 0.6 1.8 0.4 40 4.1 4.2 1.9 2.1 8.4 24 
9 0.5 -1.8 0.4 0.1 -1.3 25 -0.7 -5.6 0.1 -0.8 -6.2 43 1.7 -1.0 1.6 0.1 0.6 38 18.2 4.2 16.1 1.9 23.3 3 
10 2.0 -1.3 1.9 0.1 0.7 18 1.4 -3.2 1.5 -0.2 -1.9 20 3.4 1.8 3.9 -0.5 5.3 17 4.5 6.2 3.9 0.6 11.0 18 
11 -1.5 -2.4 -1.4 -0.1 -3.8 37 -1.5 -4.3 -1.7 0.3 -5.7 40 -2.2 0.4 -3.2 1.1 -1.7 42 -5.5 6.4 -5.6 0.1 0.6 38 
12 4.0 -2.8 3.8 0.2 1.1 16 4.7 -4.2 4.5 0.1 0.3 7 3.9 1.0 4.7 -0.7 5.0 20 0.2 5.3 0.4 -0.2 5.4 33 
13 4.7 -2.6 4.6 0.1 2.0 8 4.5 -3.9 4.5 -0.1 0.4 4 4.6 0.4 5.4 -0.7 5.1 19 6.4 6.9 7.0 -0.6 13.7 16 
14 3.0 -1.7 1.8 1.1 1.3 11 3.9 -3.7 3.4 0.4 0.0 9 3.2 -0.2 3.6 -0.4 2.9 27 2.2 6.1 4.7 -2.4 8.4 25 
15 2.2 -2.1 2.1 0.1 0.0 20 1.5 -3.9 2.5 -1.0 -2.4 24 3.4 0.4 2.8 0.7 3.8 24 1.8 5.8 0.2 1.6 7.7 29 
16 0.0 -1.6 0.0 0.0 -1.6 27 -1.6 -4.2 -0.1 -1.5 -5.7 41 1.4 1.0 0.0 1.4 2.3 28 -9.8 6.2 -11.2 1.5 -4.2 41 
17 6.6 -4.5 5.2 1.3 1.8 10 6.6 -5.8 5.4 1.1 0.4 5 11.1 -1.9 11.0 0.1 9.0 9 14.0 4.0 15.8 -1.6 18.5 8 
18 -2.3 -2.8 -1.2 -1.1 -5.0 41 -3.1 -2.5 -3.9 0.9 -5.5 39 9.1 1.9 8.7 0.4 11.2 5 2.6 3.0 4.7 -1.9 5.8 32 
19 2.9 1.8 2.9 0.0 4.7 4 2.5 -2.5 2.8 -0.4 -0.1 12 5.0 2.7 4.7 0.3 7.8 12 -0.1 8.2 -1.1 1.0 8.0 26 
20 6.8 -1.5 4.7 2.0 5.2 3 6.5 -3.4 4.5 2.0 2.9 1 18.1 2.0 15.6 2.1 20.4 1 9.7 6.0 8.5 1.1 16.2 12 
21 2.4 -1.1 2.2 0.2 1.2 13 2.9 -5.1 2.0 0.9 -2.3 23 5.7 0.8 5.3 0.4 6.6 14 7.0 3.6 9.4 -2.2 10.8 20 
22 1.9 -2.0 1.5 0.4 -0.1 22 1.5 -2.5 1.3 0.2 -1.0 17 6.4 2.5 5.7 0.7 9.0 10 9.5 6.1 9.8 -0.3 16.2 13 
23 -2.1 -2.8 -2.2 0.1 -4.9 40 -1.2 -3.6 -1.3 0.1 -4.7 37 0.3 0.2 -0.2 0.5 0.5 39 -10.1 6.0 -9.9 -0.1 -4.6 42 
24 1.0 1.1 -0.8 1.8 2.1 7 1.9 -2.5 0.2 1.7 -0.6 16 6.0 2.3 3.2 2.7 8.4 11 -3.2 4.8 -4.8 1.7 1.4 37 
25 3.1 6.0 2.9 0.1 9.2 2 0.0 -2.2 0.4 -0.3 -2.1 22 3.5 2.7 3.1 0.3 6.3 16 5.1 9.1 4.3 0.8 14.6 14 
26 -1.0 1.0 0.0 -1.0 0.0 21 -0.2 -2.5 0.7 -0.9 -2.7 26 2.4 2.1 1.3 1.1 4.6 22 11.8 5.7 9.1 2.5 18.1 11 
27 1.2 -4.2 -0.8 2.1 -3.0 35 1.2 -4.2 -0.8 2.1 -3.0 28 15.5 0.9 14.5 0.9 16.5 3 6.9 4.4 8.6 -1.6 11.7 17 
28 3.6 -1.5 2.1 1.4 2.0 9 3.8 -3.4 2.3 1.4 0.3 8 2.9 1.9 2.8 0.1 4.8 21 0.9 6.9 3.1 -2.2 7.9 27 
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29 0.9 -4.1 1.2 -0.3 -3.2 36 1.3 -4.5 1.7 -0.4 -3.2 32 1.6 -0.1 2.1 -0.5 1.5 32 28.3 6.0 27.0 1.0 36.0 1 
30 1.0 -3.7 1.3 -0.3 -2.7 33 1.5 -5.0 1.7 -0.2 -3.6 35 2.9 -0.6 3.6 -0.7 2.2 29 -6.7 6.1 -7.1 0.5 -0.9 39 
31 1.5 -5.7 0.7 0.8 -4.2 39 2.0 -6.5 1.1 0.9 -4.7 38 0.0 -2.1 0.2 -0.2 -2.1 43 14.8 2.9 16.3 -1.3 18.2 10 
32 -0.7 -5.0 -0.7 0.0 -5.6 43 1.2 -3.0 0.9 0.3 -1.8 19 4.5 1.8 4.4 0.1 6.4 15 -11.0 6.0 -9.2 -1.9 -5.6 43 
33 1.1 1.2 0.8 0.2 2.3 5 0.3 -3.2 0.1 0.1 -3.0 29 3.2 2.0 3.1 0.0 5.3 18 6.8 6.8 6.4 0.4 14.0 15 
34 1.4 -2.7 1.2 0.3 -1.3 26 2.8 -3.2 2.3 0.5 -0.5 15 7.9 2.1 6.9 0.9 10.1 7 -9.4 6.3 -8.1 -1.5 -3.7 40 
35 0.2 -1.8 -0.6 0.8 -1.6 28 1.1 -3.1 0.7 0.4 -2.0 21 -2.4 1.1 -2.6 0.2 -1.3 41 -2.3 6.8 -1.1 -1.2 4.3 36 
36 0.0 1.2 0.0 0.0 1.2 14 3.2 -2.7 3.0 0.2 0.4 6 0.0 1.0 0.0 0.0 1.0 35 4.9 5.2 4.1 0.8 10.4 21 
37 1.9 0.4 0.0 1.9 2.3 6 3.4 -2.0 2.0 1.4 1.4 2 5.6 2.1 1.4 4.2 7.8 13 -2.9 8.4 -2.8 -0.1 5.3 35 
38 -1.3 -3.9 0.0 -1.3 -5.1 42 -1.6 -4.5 0.0 -1.6 -6.0 42 2.7 -1.2 0.1 2.6 1.5 33 5.7 4.2 3.7 1.9 10.1 22 
39 7.1 4.5 6.8 0.3 11.9 1 3.2 -3.4 3.7 -0.5 -0.3 14 7.6 1.6 5.8 1.7 9.3 8 12.2 7.2 9.5 2.5 20.2 6 
40 0.6 -2.7 0.5 0.2 -2.1 32 1.0 -4.1 1.4 -0.3 -3.1 30 0.6 0.6 0.8 -0.2 1.2 34 12.1 5.6 11.4 0.7 18.4 9 
41 0.9 -2.6 -1.1 2.0 -1.7 30 0.4 -3.6 -1.4 1.9 -3.2 33 11.5 1.7 10.1 1.3 13.3 4 10.9 7.0 11.8 -0.8 18.7 7 
42 -1.8 -2.1 0.0 -1.8 -3.9 38 -1.8 -2.6 0.0 -1.8 -4.3 36 -0.9 2.9 -0.6 -0.4 1.9 31 -1.9 7.4 -3.4 1.6 5.4 34 
43 3.9 -2.6 0.0 3.9 1.2 15 4.3 -3.3 0.0 4.3 0.9 3 1.8 1.8 0.0 1.8 3.6 25 2.1 4.5 0.0 2.1 6.7 31 
All universities 1.8 -2.0 1.3 0.5 -0.2  1.9 -3.8 1.5 0.4 -2.0  4.5 0.8 3.8 0.6 5.3  4.5 5.7 4.4 0.1 10.5  
Note: M is productivity change; E is technical efficiency change; P is technological change; PT is pure technical efficiency; S is scale efficiency; R is university ranking 
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In the analysis by years, the highest mean productivity improvement was in the academic 
year 1997/1998 with 6.4 per cent, which included a 7.8 per cent improvement in technological 
gain. In turn, there was a reduction in technical efficiency around 1.3 per cent due mainly to a 
decline in ‘pure’ technical efficiency (-4.2%), compensated by an improvement in scale 
efficiency (3.0%). By way of comparison, in academic year 1996/1997 (second-ranked) the 
Spanish universities showed a mean productivity improvement of 6.2 per cent which was 
composed of 7.3 per cent improvement in efficiency and -1.1 per cent technological loss. 
Looking at the results by universities we can observe different behaviours among them. 
The University #39 had a mean productivity improvement of 11.9 per cent (first-ranked) which 
was composed of 7.1 per cent improvement in efficiency (moving towards the efficient frontier) 
and 4.5 per cent technological gain (movement in the frontier). In turn, almost all of the 
technical efficiency gain was due to the improvement in ‘pure’ technical efficiency (6.8%) with 
a negligible contribution through scale efficiency (0.3%). However, University #25, which is 
ranked second in terms of productivity (9.2%), recorded a technological gain higher than the 
improvement in efficiency (6.0% and 3.1% respectively). On the other hand, University #20 is 
ranked third, with a productivity gain of 5.2 per cent comprising a 6.8 per cent improvement in 
efficiency, which in turn includes 4.7 per cent ‘pure’ efficiency change and 2.0 per cent scale 
efficiency, and -1.5 per cent technological progress. It could be that impressive rates of growth 
can occur from a low base as universities eliminate inefficiency, but that productivity growth is 
more difficult to sustain as inefficiencies are removed and greater reliance is placed on 
technological improvements. 
At the other end of the scale are the universities with low levels of total factor 
productivity over the period. For example, productivity for University #32 on average fell by 
5.6 per cent and in University #38 by 5.1 per cent. In almost all cases, the decline in 
productivity was not the result of greater inefficiency, but a contraction in their best-practice 
frontiers. 
Focusing on ‘teaching-model’, Table 2 shows that there was an annual mean decrease in 
total factor productivity (M) of 2.0 per cent in the period 1994 to 2008, which was composed of 
an improvement in technical efficiency change (1.9%) and a fall in technological change (-
3.8%). It could be said that the improvement in teaching only productivity in Spanish 
universities was sustained by improvements in efficiency rather than by the expansion in the 
frontier.  
In the analysis by year, the highest mean for teaching only productivity improvement 
occurred in the academic year 1996/1997 with 8.1 per cent, which was composed of 12.8 per 
cent improvement in efficiency and a -4.1 per cent technological loss. The highest technological 
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improvement was in the academic year 2001/2002 (33.8%), but it was offset by a decrease in 
teaching efficiency (-21.7%).  
In the analysis by university, the best performers were University #20 (2.9%) and 
University #37 (1.4%). These two institutions showed improved productivity growth based on 
efforts to remove inefficiencies. Further insights can be gained by examining changes in ‘pure’ 
technical and scale efficiency. For ‘pure’ technical efficiency, both universities have clearly 
improved moving closer to their best-practice frontiers – increasing teaching-outputs 
(graduates) relative to inputs, subject to the available technology, and this helped to improve 
their productivity growth (they recorded the highest rates in ‘pure’ technical efficiency). 
The lowest teaching only productivity factor over the period was for the University #9 (-
6.2%) mainly due to decreases in technological changes (-5.6%).  
With regard to the ‘research-model’, Table 2 shows that the annual mean increase in 
research only productivity was 5.3 per cent for the period 1994 to 2008, which was composed of 
an average efficiency increase of 4.5 per cent, and slight average technological progress of 0.8 
per cent annually, indicating that shifts at the frontier level appear to be neutral. The increment 
for technical efficiency can be decomposed into ‘pure’ technical efficiency (3.8%) and scale 
efficiency (0.6%). Over the 15 year period studied, we observe a cyclical evolution of research 
only productivity. 
Looking at the results for universities, the best-ranked performers were Universities #20 
(24.0%), #5 (20.0%), and #27 (16.5%), mainly due to the removal of inefficiencies. As before, 
considering ‘pure’ technical efficiency, these universities have clearly improved by moving 
toward their best-practice frontiers – increasing research-outputs (publications) relative to inputs 
subject to the available technology. On the other hand, the worst performers were Universities 
#31 (-2.1%), #11 (-1.7%) and #35 (-1.3%). 
With respect to the ‘industry-model’, we observe that annual productivity growth was 
sustained by expansions in the frontier and movement towards the efficiency frontier. Overall, 
technical change shows positive growth during the period, indicating that universities have 
increased their external funding from research contracts. 
These results must be interpreted with caution owing to the overlaps in teaching, research 
and industry-related inputs. Unfortunately, the data do not allow the separation of academic 
staff into teaching and research, or research-only, nor is it possible to separate non-academic 
staff into teaching or research-related support services. It is clear that much of the overall 
productivity growth improvement in universities over this period was associated with gains in 
the industry-model and research productivity. Of this, most is due to universities catching up to 
the frontier through pure technical efficiency improvements, rather than to the frontier 
expanding over time. Improvements in teaching productivity have been more modest and are 
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linked to teaching efficiency. These insights can also be referenced to individual universities. 
Consider University #39, the highest ranked for overall productivity growth. While this 
university recorded relatively high growth in research-only productivity (9.3%) and industry-
only productivity (20.2%), it recorded low performance in teaching-only productivity (-0.3%). 
The situation is similar for the second-ranked, University #25. It seems that both these 
universities improved their research and third mission activities, but performed less well on 
teaching. However, University #20 (the third-ranked in overall productivity growth) shows good 
performance for all three aspects (1st ranked for teaching and research and 12th for industry 
activity). 
5 Conclusions 
The results indicate that overall annual productivity “growth” was attributable largely to 
efficiency improvements rather than technological progress. Gains in scale efficiency appear to 
have played only a minor role in productivity gains. The fact that technical efficiency 
contributes more than technological progress suggests that most universities are not operating 
near the best-practice frontier.  
The separate analyses of teaching-only, research-only and industry-only productivity 
suggest that most productivity growth is associated with improvements in industry and research 
rather than teaching. The increase in industry productivity is sustained by expansions in the 
frontier and movement toward the efficiency frontier, whereas research gains are mostly 
associated with the removal of inefficiencies rather than technological improvements. In turn, 
teaching productivity shows modest improvements sustained by efficiency rather than 
technological change.  
It seems that some of the gains made by universities in the provision of electronic library 
services and learning materials, online student management systems, the provision of distance, 
online and multi-campus delivery, etc., are not well dispersed across the Spanish university 
system. Given these results, further gains will have to rely on technical innovations.  
Moreover, the separate analyses of teaching-only, research-only and industry-only 
productivity growth indicate that the promotion and rewarding of highly performing researchers 
(via sexenios), and the emphasis placed on increased income from external funds (via research 
contracts) have resulted in underperforming teaching activity. It is possible that the high 
productivity growth rates achieved by some Spanish universities through high numbers of 
publications and research contracts have been at the expense of student completions and may 
also be affecting graduate quality. If this is the case, there will be serious problems in the 
transition of graduates to the labour market.  
In terms of future research, a key limitation of this analysis is that no direct allowance is 
made for quality of inputs and outputs. Thus, future studies could include both quantity and 
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quality dimensions. On the other hand, the evidence of negative technical change that emerges 
from this analysis could be attributable to output or input technical bias in education production. 
Thus, robust nonparametric techniques should be applied to confirm the influence of bias in the 
interpretation of the results. Finally, the results provide some evidence that an increase in the 
number of publications detracts from educational productivity. More evidence is needed to 
confirm the conjectures from this first exploration of the data. Thus, further analysis is needed 
of the trade-off between teaching, research and knowledge transfer missions. 
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